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genetics/ original Article
Genetic variability in conilon 
coffee related to grain attributes 
in an irrigated crop in the Cerrado
Abstract – The objective of this work was to quantify the genetic variability of 
213 conilon coffee accessions of the Robusta Tropical cultivar, based on chemical 
characteristics related to the quality of green coffee beans, as well as to identify 
promising accessions for the breeding program of irrigated conilon coffee in 
the Brazilian Cerrado. The chemical characteristics evaluated were: protein 
and caffeine contents, total soluble solids and total lipids, ether extract, pH, 
and total titratable acidity. The data were subjected to the principal component 
analysis and cluster analysis based on the similarities observed within the first 
two principal components using the minimum variance method (Wards) and, 
as a measure of similarity, the Euclidean distance. The three main components 
explained 72.64% of the total variation of the data. All characteristics, except 
pH, were correlated with the first three components. It was possible to separate 
the genotypes in three clusters, according to the similarities observed in the 
behavior of the variables. The evaluated accessions present genetic variability 
regarding the assessed quality characteristics of green coffee beans, and CPAC 
160 and CPAC 32 are the most promising for the breeding program of conilon 
coffee for cultivation under irrigation in the Cerrado.
Index terms: Coffea canephora, chemical composition, genetic diversity, 
multivariate analysis.
Variabilidade genética em café conilon 
relativa aos atributos dos grãos em 
cultivo irrigado no Cerrado
Resumo – O objetivo deste trabalho foi quantificar a variabilidade genética 
de 213 acessos de café conilon, da cultivar Robusta Tropical, quanto às 
características químicas de qualidade dos grãos de café crus, bem como 
identificar acessos promissores para o programa de melhoramento do café 
conilon irrigado no Cerrado. As características químicas avaliadas foram: 
teores de proteína e cafeína, sólidos solúveis e lipídeos totais, extrato etéreo, pH 
e acidez titulável total. Os dados foram submetidos à análise de componentes 
principais e à análise de cluster com base nas semelhanças observadas nos dois 
primeiros componentes principais, com uso do método de variância mínima 
(Wards) e da distância Euclidiana, como medida da dissimilaridade. Os três 
principais componentes explicaram 72,64% da variação total dos dados. Todas 
as características, exceto o pH, foram correlacionadas com os três primeiros 
componentes. Foi possível separar os genótipos em três grupos de acordo 
com as semelhanças no comportamento das variáveis. Os acessos avaliados 
apresentam variabilidade genética em relação às características de qualidade 
de grãos avaliadas, e o CPAC 160 e o CPAC 32 são os mais promissores o 
programa de melhoramento do café conilon irrigado no Cerrado.
Termos para indexação: Coffea canephora, composição química, diversidade 
genética, análise multivariada.
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Introduction
Coffea sp. is among introduced crops in the Cerrado 
that have been shown a good performance. Besides the 
suitability to the cultivation of arabica (Coffea arabica 
L.), the Cerrado shows also potential areas for growing 
conilon coffee (Coffea canephora Pierre ex Froehner). 
Cerrado’s climate allows of the irrigation 
management for the synchronization of flowering, 
which leads to a uniform maturation of fruit and 
harvest with a higher percentage of cherry fruit. In 
addition, the harvest coincides with the dry season, 
which avoids unwanted fermentations and results in 
better coffee quality (Guerra et al., 2005; Bonomo et 
al., 2008; Fernandes et al., 2012).
Few agricultural products have their price tied 
to quality; however, coffee beans from regions and 
genetics known for producing high-quality beverages 
have great commercial value (Teuber, 2010). Coffee 
quality can be determined by factors such as the 
chemical composition of coffee beans, which 
influences the use of the final product. The formation 
of chemical compounds, during seed development, is 
highly affected by environmental and genetic factors 
(Joët et al., 2010; Scholz et al., 2011; Cheng et al., 2016; 
Zaidan et al., 2017).
In Brazil, it is believed that conilon coffee shows 
low quality inherent to the species that is impossible 
to be improved. But the favorable environment and 
the technology allied to its great genetic diversity 
and adaptability (Fonseca et al., 2013) suggest that a 
selection of higher-quality materials adapted to this 
environment can be made. 
The study of conilon coffee in an irrigated system 
in the Cerrado is still incipient, and information on its 
behavior in this environment is still scarce. Therefore, 
the introduction of cultivars and progenies of Coffea 
canephora in the Cerrado edaphoclimatic environment 
is an opportunity to increase the knowledge of its 
genetic variability. 
The study of the genetic variability is essential 
in a breeding program, since crossings involving 
genetically divergent parents may induce greater 
heterotic effects and variability in the segregating 
generations, allowing of the building of populations 
with a wider genetic base and providing greater genetic 
gains with the further selection cycles (Cecon, 2008; 
Cruz et al., 2012). 
The principal component analysis (PCA) is a 
multivariate method used to determine the genetic 
variability in populations that allows to identify 
the characters which explain most of the existing 
variability. PCA permits inferring which characters 
represent the largest fraction of the found variability, 
as it enables the removal of those characters showing 
few contributions to the genetic divergence of the 
studied population, and reduces the number of traits to 
be analyzed (Cruz et al., 2012). 
The objective of this work was to quantify the 
genetic variability of 213 conilon coffee accessions 
of the Robusta Tropical cultivar, based on chemical 
characteristics related to the quality of green coffee 
beans, as well as to identify promising accessions for 
the breeding program of irrigated conilon coffee in the 
Brazilian Cerrado.
Materials and Methods
The work was carried out at the laboratory of food 
science technology of Embrapa Cerrados. Green 
coffee beans of 213 conilon genotypes – of a working 
collection originated from open natural crosses of 
an 'Emcaper 8151 – Robusta Tropical' population – 
were evaluated in an experimental field of Instituto 
Capixaba de Pesquisa, Assistência Técnica e Extensão 
Rural do Espírito Santo – Incaper.
The collection was planted in April 2009, Planaltina 
(15°35'57"S, 47°42'30"W, at 1.030 m altitude), DF, 
Brazil, in the experimental field of Embrapa Cerrados. 
at 3.5 m spacing between rows and 1.0 m between 
plants, in a Latossolo Vermelho-Amarelo distrófico, 
i.e., Typic Haplustox, under an irrigation system by 
central pivot.
The irrigation management was based on the 
Cerrado irrigation monitoring program proposed by 
Embrapa Cerrados (2009); in order to standardize 
the flowering, water stress management was used as 
suggested by Guerra et al. (2005). 
To prepare the soil prior to planting, liming, and 
plastering were performed with 2 Mg ha-1 dolomitic 
limestone, and 2 Mg ha-1 agricultural gypsum, 
respectively. According to the soil analysis, during the 
planting 58 g P2O5 were added by pit, and maintenance 
fertilization was executed annually with 450 kg ha-1 N, 
450 kg ha-1 K2O, and 300 kg ha-1 P2O5. 
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Coffee genotypes were classified according to their 
ripening cycle, defined in days between the return of 
irrigation after water stress, and cherry phase of fruit 
defined by the following groups based on the scale 
developed by Pezzopane et al. (2003): very early (243–
255 days); early (256–267 days); medium (268–280 
days); and semilate (281–293 days).
For the purposes of this study, the harvest was carried 
out manually during June and July 2014, by collecting 
from each plant only fruit in the cherry phase, which 
were immediately subjected to a natural processing 
separately, in a conventional yard, until they reached 
11% humidity. After peeling, green coffee beans were 
grounded and passed through a 20 mesh sieve, and the 
samples were stored in closed glass containers covered 
with aluminum to protected them against light until 
the analysis was performed. Caffeine content was 
determined based on the method suggested by Instituto 
Adolfo Lutz (Zenebon et al., 2008); and protein content 
was determined by the Kjeldhal method (Wiles et al., 
1998). Total soluble solids (TSS) and ether extract 
(EE), as well as pH and total titratable acidity were 
determined according to AOAC (Helrich, 1990). These 
analysis were performed in triplicates, in a completely 
randomized design.
Protein and caffeine contents and ether extract 
were predicted by near-infrared spectrometry (NIR), 
by reflectance in the spectral range between 1,108 
and 2,492.8 nm with the aid of ISIscan version 2.85 
(Infrasoft International LLC, State College, PA, USA), 
without replicates. The NIR refers to a nondestructive, 
extremely simple and quick method, that does not 
require reagents or dilutions, and that is based on the 
principle of emission of electromagnetic radiation 
(Siesler et al., 2008). It is employed to analyze organic 
components such protein and caffeine content in coffee 
(Barbin et al., 2014; Scholz et al., 2014), and in many 
other crops (Jones et al., 2012; Plans et al., 2012; Santos 
et al., 2012; Pinheiro et al., 2013; Pojić & Mastilović, 
2013).
PCA was used to quantify the genetic variability 
with the standardized data and the dissimilarity 
distance. In order to assess the significance of a 
principal component it is necessary to verify its 
eigenvalue. If this eigenvalue is higher than 1.0, then, in 
theory, the associated component has inherently more 
information than would a single isolated variable have. 
All principal components with eigenvalue greater than 
1.0 should be subjected to interpretation. There are 
reasons to believe that any principal component (PC) 
is significant if it explains some percentage of the total 
variability in the dataset (Iezzoni & Pritts, 1991).
Another applicability of the principal component 
analysis is to support the identification of variables 
which provide greater or lesser contributions to the 
accumulated variability. The characters with higher 
contribution are the ones that show higher eigenvectors 
in the components with higher eigenvalues; however, 
the ones with lower contributions are the those with 
the higher eigenvectors in the components with lower 
eigenvalues, in absolute values. Thus, when collecting 
a large number of variables, it is possible that some 
of them are less relevant when discriminating the 
evaluated materials, which allows of their disposal 
(Mardia et al., 1979; Cruz et al., 2012).
To define the clustering of genotypes, a cluster 
analysis was executed, based on the similarities 
observed within the first two principal components, 
using the minimum variance method (Wards); and, 
as a measure of similarity, the Euclidean distance was 
chosen. All statistical analyses were performed using 
the free software R version 3.2.3 (R Core Team, 2015). 
Results and Discussion
The most correlated variables with PC1 (29.08%) 
were protein (0.781) and caffeine (0.729), whereas 
acidity (0.795) and total soluble solids (0.738) were 
more correlated with PC2 (27.82%) and ether extract 
(0.879) with PC3 (15.75%) (Table 1). This means that 
these characters show a greater variability within the 
studied population (Iezzoni & Pritts, 1991). The most 
correlated trait with PC4 (13.65%) was pH (0.560), 
which showed the lesser contribution to the variability. 
The third component, when included in the analysis, 
accumulates 72.65% of the total variance. Musoli 
et al. (2009) obtained 17.12% of the variance by the 
multivariate analysis in the first two components, 
and grouped the individuals in their category, using 
microsatellite markers of wild and cultivated robusta 
coffee populations from Uganda. Teressa et al. (2010) 
obtained 36,9% of the total variability in the first and 
second components of PCA, with two different groups 
of arabica coffee, one with Ethiopian accessions and 
other with commercial cultivars. Souza et al. (2013) 
obtained 24,9% of the total variability, in the first and 
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Table 1. Estimates of eigenvalues (λj) corresponding to 
the percentages of variability explained by the principal 
components and respective eigenvectors (EV) e correlation 
(Cor) of variables caffeine, protein, ether extract (EE), 
total soluble solids (TSS), pH and total titratable acidity, 
evaluated in green coffee beans of 213 genotypes of conilon 
coffee (Coffea canephora), variety Robusta Tropical, under 
irrigation at the Cerrado. 
Variables PC 1 PC 2 PC 3 PC 4 PC 5 PC 6
Eigen- 
values
λj 1.745 1.669 0.945 0.819 0.464 0.358
λj (%) 29.08 56.9 72.65 86.3 94.03 100
Caffeine
EV 0.552 -0.257 0.223 -0.360 0.643 0.192
Cor 0.729 -0.332 0.217 -0.326 0.438 0.115
Protein
EV 0.591 -0.230 -0.049 -0.255 -0.728 0.008
Cor 0.781 -0.298 -0.048 -0.230 -0.496 0.005
EE
EV 0.300 0.105 -0.904 0.201 0.202 0.027
Cor 0.396 0.136 -0.879 0.182 0.138 0.016
TSS
EV 0.159 -0.571 0.124 0.606 0.084 -0.509
Cor 0.209 -0.738 0.120 0.549 0.057 -0.304
pH
EV 0.373 0.406 0.310 0.618 -0.057 0.463
Cor 0.493 0.524 0.301 0.560 -0.039 0.277
Acidity
EV -0 .302 -0 .615 -0 .140 0 .125 -0 .077 0 .699
Cor -0 .399 -0 .795 -0 .136 0 .113 -0 .053 0 .419
Figure 1. Dispersion of 213 genotypes of conilon coffee 
(Coffea canephora), Robusta Tropical variety, under 
irrigation at the Cerrado in function of the first and second 
principal components (A) and in relation to the first and third 
principal components (B), obtained based on analyzing 
the variables caffeine, protein, ether extract, total soluble 
solids, pH and total titratable acidity of green coffee beans. 
second component, using accessions that represent the 
Coffea canephora germplasm conserved and cultivated 
in Brazil. These results allow of the inferring on an 
acceptable level in the results obtained by PCA in the 
present study.
Total titratable acidity was more correlated with the 
second component (PC2) and also showed the highest 
eigenvector (0.699) in the sixth component (Table 1). 
This result contradicts that obtained by Scholz et al. 
(2011), in which this characteristic contributed to the 
formation of the first component. However, these results 
are the reality of the study population, which means 
that this characteristic could be disregarded in further 
studies related to genetic divergence in this conilon 
coffee population, based on quality parameters, which 
would result in economy in the qualitative analysis.
PCA were estimated with the first two PCs, and the 
first and third PCs, as a complementary analysis of the 
dissimilarity among genotypes, in order to arrange the 
genotypes in a bidimensional scatter plot, by means of 
their scores (Figure 1). 
The genotypes were clustered into three groups 
due to the similarities observed in the behavior of the 
variables (Figure 2). The cluster arrangement choice 
was of the lower variance, and the cut point of the 
dendrogram was visually delimited at the point where 
a higher change in the level occurred. It is possible to 
note that cluster 1 relates more with higher values of 
total titratable acidity, and lower values of pH. Cluster 2, 
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Figure 2. Cluster analysis of 213 genotypes of conilon coffee (Coffea canephora), Robusta Tropical variety, under irrigation 
at the Cerrado in function of the first and second principal components obtained based on analyzing the variables caffeine, 
protein, ether extract, total soluble solids, pH and total titratable acidity of green coffee beans. Each color represents a 
cluster. 
however relates more with lesser values of TSS, 
caffeine, protein, and ether extract, and is opposite to 
the cluster 3, which grouped genotypes with higher 
values for these traits, suggesting this is a group that 
stands out for the studied characters. 
As to the average genetic dissimilarities, the 
genotypes CPAC 49 showed the lowest-absolute value 
(1.686), whereas CPAC 114 showed the highest mean 
(4.375) and stands out as the most dissimilar in the group 
(Table 2). Based on the genetic dissimilarities obtained 
by the Euclidean matrix, the genotypes CPAC 160 
and CPAC 32 showed the highest-dissimilarity value 
(7.768) for the first two principal components (PC1 and 
PC2). Nevertheless, these genotypes showed discrepant 
values for TSS (39.16 and 22.5°Brix, respectively) and 
caffeine (2.43 and 1.81%, respectively), which certainly 
contributed for the absolute value of higher distance. 
Genetic dissimilarities associated with clustering 
and graphic results are essential for the genetic 
breeding program because they direct crosses 
involving genetically divergent parents, which may 
induce greater heterotrophic effects and variability 
in segregating generations, allowing of populations 
with a broader genetic base to be constructed, and 
providing greater genetic gains with selection cycles 
(Cecon, 2008; Cruz et al., 2012).
Based on the highest-genetic distances, out of the 
213 genotypes, 5% were selected for further crossings 
considering the quality traits of coffee (Figures 1 and 
2). Besides, from the selected genotypes, there were 
11 ones showing a medium cycle (CPAC 76, CPAC 99, 
CPAC 123, CPAC 125, CPAC 130, CPAC 134, CPAC 
145, CPAC 160, CPAC 162, CPAC 171, and CPAC 237), 
and one showing a high premature cycle (CPAC 32) 
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Table 2. Average of genetic dissimilarities of 213 genotypes of conilon coffee (Coffea canephora), calculated based on the 
scores obtained from the principal component analysis for the first two components, using quality attributes. 
CPAC 1 2 3 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
2.997 2.625 1.758 1.748 2.453 1.791 1.729 3.054 2.300 2.589 2.462 1.898 2.410 2.160 1.965 2.124 1.949 3.037 1.857
CPAC 21 22 23 24 25 26 27 28 29 31 32 33 36 37 38 39 40 42 44
2.665 2.299 3.825 2.268 2.451 1.983 1.880 2.105 3.657 3.171 3.925 2.065 2.934 2.287 2.512 1.766 2.274 1.773 1.745
CPAC 45 46 47 48 49 50 52 53 54 55 56 57 58 59 60 61 62 63 65
1.832 2.733 2.115 1.797 1.686 2.057 2.994 2.380 2.419 2.424 3.382 2.876 3.438 2.014 1.850 2.115 1.785 1.762 2.264
CPAC 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84
2.289 2.423 2.961 2.876 2.837 4.018 1.967 2.568 2.168 2.023 4.063 1.904 1.783 2.004 2.252 2.589 2.894 2.865 2.058
CPAC 85 86 87 88 89 90 91 93 95 96 97 98 99 100 101 102 103 104 105
2.652 2.016 1.779 1.868 1.711 2.390 2.306 1.807 2.087 2.217 2.651 2.053 3.572 2.492 2.479 2.251 2.537 2.149 2.184
CPAC 106 108 109 110 111 112 113 114 115 116 117 118 119 120 121 122 123 124 125
2.144 1.835 2.476 2.298 1.991 1.809 2.735 2.799 2.393 1.781 1.783 2.696 1.722 1.818 2.050 1.927 3.224 2.628 3.618
CPAC 127 128 129 130 131 132 133 134 135 137 138 139 140 141 142 144 145 146 147
1.919 2.857 2.468 3.327 1.972 2.505 3.124 2.867 3.185 1.778 2.182 2.555 1.797 2.245 2.583 1.901 2.834 1.961 1.916
CPAC 148 149 150 151 152 153 154 155 157 159 160 161 162 163 164 165 166 167 169
2.166 2.872 1.715 2.583 2.441 1.772 1.891 2.110 2.070 2.477 4.375 2.593 3.624 2.037 2.120 1.837 2.188 2.103 1.692
CPAC 171 172 175 176 178 179 180 181 182 183 184 185 186 188 189 191 193 194 195
3.190 3.063 2.884 1.921 1.822 2.228 2.132 1.913 2.380 2.876 2.550 2.222 2.961 2.617 2.722 2.237 2.379 1.981 2.605
CPAC 196 197 198 199 200 201 202 203 204 205 206 207 208 209 210 211 212 213 214
2.218 1.898 2.134 2.055 2.339 1.728 1.905 1.747 1.985 1.746 1.705 2.189 1.793 1.875 1.855 1.824 2.513 2.722 2.012
CPAC 215 216 217 218 219 220 221 222 223 224 225 226 228 229 230 231 232 233 234
2.102 2.713 1.747 2.378 2.704 2.323 2.331 1.999 2.802 2.649 2.191 2.498 2.070 2.268 2.189 1.784 1.921 2.086 1.822
CPAC 235 236 237 238
1.906 2.051 3.387 2.707
that is also among five out of the eleven suggested 
crosses, which enhances variability for the choice of 
cycle in the breeding program of conilon coffee in the 
Cerrado. 
Conclusions
1. The conilon coffee (Coffea canephora) accessions 
show genetic variability for the evaluated quality 
characteristics of green coffee beans; and CPAC 160 
and CPAC 32 are the most promising genotypes to 
the breeding program of conilon coffee for cultivation 
under irrigation in the Cerrado.
2. Protein and caffeine content, total soluble solids, 
total lipids, and titratable acidity are the characteristics 
that contribute for the genetic variability among 213 
genotypes of conilon coffee. 
3. The most dissimilar genotypes are CPAC 160, 
that is a promising selection for high-level soluble 
solids and caffeine, and CPAC 32, that is favorable in 
the selection for its low-level caffeine.
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